Strain-gauge plethysmography was used to determine the systolic arterial pressure in the great toe of 38 patients (aged 23-70 yr) undergoing lung surgery. In eight patients (21%) manual compression of the dorsalis pedis artery reduced the arterial pressure in the great toe to less than 40 mm Hg, and cannulation of the artery was not attempted. In 24 of 30 patients with adequate collateral arterial supply, a Teflon cannula (Venflon 1.20) was inserted percutaneously to the dorsalis pedis artery. Median cannulation time was 160 min. Six patients (25%, 95% confidence limits 10-47%) developed thrombosis of the artery and, in one, unsuccessful cannulation caused thrombosis. In two patients, recanalization of the artery occurred between the 2nd and the 8th day after operation. In four patients, examination 3-5 months after cannulation revealed a persisting decrease in the function of the dorsalis pedis artery. This suggests that the dorsalis pedis artery should not normally be selected for cannulation.
Strain-gauge plethysmography was used to determine the systolic arterial pressure in the great toe of 38 patients (aged 23-70 yr) undergoing lung surgery. In eight patients (21%) manual compression of the dorsalis pedis artery reduced the arterial pressure in the great toe to less than 40 mm Hg, and cannulation of the artery was not attempted. In 24 of 30 patients with adequate collateral arterial supply, a Teflon cannula (Venflon 1.20) was inserted percutaneously to the dorsalis pedis artery. Median cannulation time was 160 min. Six patients (25%, 95% confidence limits 10-47%) developed thrombosis of the artery and, in one, unsuccessful cannulation caused thrombosis. In two patients, recanalization of the artery occurred between the 2nd and the 8th day after operation. In four patients, examination 3-5 months after cannulation revealed a persisting decrease in the function of the dorsalis pedis artery. This suggests that the dorsalis pedis artery should not normally be selected for cannulation.
Cannulation of the dorsalis pedis artery (d.p.a.) is used for i.a. pressure monitoring or frequent sampling of arterial blood (Johnstone and Greenhow, 1973) . Apart from a 6.7% frequency of thrombosis following cannulation of d.p.a. (Youngberg and Miller, 1976) there are few reported details of the risks of cannulating this vessel.
We have evaluated the frequency of thrombosis of d.p.a. following percutaneous cannulation and the systolic arterial pressure in the great toe in patients in whom d.p.a. was occluded following cannulation.
PATIENTS AND METHODS
Thirty-eight patients (12 female, 26 male) undergoing lung surgery were studied. The age range was 23-70 yr (median 57.5). None of the patients suffered from diabetes mellitus, arterial hypertension or symptoms of arteriosclerotic disease of the legs.
Before cannulation of d.p.a. the arterial pressure was determined simultaneously in the great toe of the foot chosen for cannulation and in the arm. Measurements of the pressure in the great toe were made following successive compression of d.p.a. and the posterior tibial artery. The pressure was determined using a two-channel strain-gauge plethysmograph. A 22-mm wide pneumatic cuff was placed around the proximal phalanx of the great toe and, as a volume detector, a mercury-in-rubber strain-gauge (Parks Electronics, Oregon) was placed around the distal phalanx of the great toe. This method was introduced by Strandness, Radke and Bell (1961) and Strandness and Bell (1965) and was described in detail in the monograph by Gundersen (1972) .
If the collateral blood supply was adequate, as indicated by a systolic arterial pressure in the great toe in excess of 40 mm Hg (Lassen et al., 1975) when measured after compression of d.p.a., this artery was cannulated after induction of anaesthesia. A Teflon cannula (Venflon 1.20, Viggo, Sweden) was inserted percutaneously. Only one attempt at cannulation was allowed. The cannula was flushed regularly with heparinized saline.
Postoperative determinations of the arterial pressure in the great toe were performed on the 2nd and 8th day. If the arterial pressure in the great toe, measured with the posterior tibial artery compressed manually, had decreased by more than 25 mm Hg compared with the corresponding value before operation (2.5 times greater than the standard deviation of measurements performed under similar circumstances on different days (Gundersen, 1972; Nielsen, Bell and Lassen, 1972, 1973) ) we regarded this as an indication of thrombosis of d.p.a. Throughout the examinations, corrections were made for changes in systemic arterial pressure. In the period after operation the skin of the back of the foot was examined for lesions or haematomata. The patients who developed thrombosis of d.p.a. were re-examined 3-5 months after operation.
RESULTS
The d.p.a. pulse was palpable in all instances and all the patients had adequate blood supply to the great toe judged by the arterial pressure in the toe. In 25 of 38 patients compression of d.p.a. reduced the arterial pressure in the great toe (collateral supply was unable to compensate completely for the occlusion). In eight of 38 patients (21.1%, 95% confidence limits 9.6-37.3%) the arterial pressure in the great toe decreased to less than 40 mm Hg and consequently the collateral arterial supply was regarded as inadequate, and cannulation of d.p.a. was not attempted. These eight patients were in the same age range as the other patients (44-70 yr v. 23-70 yr).
In the 30 patients with adequate collateral supply cannulation of d.p.a. was performed successfully in 24 patients. The duration of cannulation ranged from 100 to 1800 min (median 160 min). None of the patients showed any evidence of tissue necrosis following cannulation.
Following cannulation of d.p.a., six patients (25%, 95% confidence limits 9.8-46.7%) developed thrombosis of the artery. This also occurred in one of the six patients in whom cannulation of d.p.a. was attempted unsuccessfully. The pressure determinations in the seven patients with thrombosis in the dorsalis pedis artery are shown in table I. Two of these (patients no. 23 and 24) had re-established perfusion through d.p.a. on the 8th day after operation. Four of the remaining five patients were reexamined 3-5 months after the operation; the vessel was still partly occluded (table II) but the collateral circulation was sufficient to ensure an adequate arterial pressure in the great toe.
DISCUSSION
The arterial supply to the foot consists of d.p.a., the posterior tibial artery and, to a lesser extent, the peroneal artery and the malleolar network. Earlier studies have indicated that in 3-14% of subjects d.p.a. cannot be palpated (Reich, 1934; Stephens, 1962; Barnhorst and Barner, 1968; Palm and Husum, 1978) . Indeed, anatomical studies have shown d.p.a. to be absent in 3-12% of patients (Huber, 1941) . In the present study d.p.a. was palpable in all patients. Johnstone and Greenhow (1973) (Johnstone and Greenhow, 1973; Spoerel, Deimling and Aitken, 1975; Youngberg and Miller, 1976) . A recent study of 100 young healthy subjects (Palm and Husum, 1978 ) demonstrated a 2% frequency of inadequate collateral supply as judged by a decrease in arterial pressure in the great toe to less than 40 mm Hg after manual compression of d.p.a. The 21% frequency of inadequate collateral supply found in the present study may be ascribed at least in part to the difference in age in the populations studied.
Our success rate of 80% (24 of 30) of attempted cannulations compares well with those reported by Johnstone and Greenhow (1973) (21 of 26) and by Youngberg and Miller (1976) (26 of 30) .
The present study showed that despite a median cannulation time of only 160 min, the frequency of thrombosis of d.p.a. was as high as 25%. Using a Doppler flow technique Youngberg and Miller (1976) found thrombosis of d.p.a. in 6.7% of 30 patients after an average cannulation time of 492 min. Spoerel, Deimling and Aitken (1975) observed no complications in more than 100 patients following cannulation of d.p.a. for the duration of neurosurgical procedures. However, they did not quote the frequency of thrombosis of the artery or the cannulation time.
Signs of thrombosis of d.p.a. may develop some days after cannulation, but recanalization may occur (table I) . In a study of cannulation of the radial artery Bedford and Wollmann (1973) found that thrombosis of the radial artery might develop as late as 7 days after removal of the cannula, and that recanalization of the vessel would occur most often within 70 days.
The results in table II indicate that, although the collaterals were sufficient to maintain arterial pressure in the great toe above critical values (40 mm Hg) 3-5 months after cannulation, the d.p.a. in none of these patients functioned as well as before cannulation. None of the patients had symptoms of inadequate blood supply to the feet.
Our present findings indicate that in 21% (10-39%) of our patients it would probably be unsafe to cannulate d.p.a. for monitoring purposes, as manual compression of the vessel would reduce the arterial pressure in the great toe to less than 40 mm Hg. If thrombosis should occur in the artery, the blood supply to the great toe could be permanently jeopardized. Of the patients with adequate collateral supply, 80% could probably be cannulated at the first attempt and 25% (10-47%) of these would develop thrombosis of d.p.a.
Because of these findings and because, in the older age group, arteriosclerosis may further adversely affect collateral circulation in the foot, we conclude that the dorsalis pedis artery should not be selected as a routine site for arterial cannulation. 
SUMARIO
Se uso la pletismografia de medidor de presi6n para determinar la presion arterial sistolica en el dedo grueso del pie de 38 pacientes (de 23 a 70 afios de edad) sometidos a cirujia pulmonar. En ocho pacientes (21%), la compresion manual de la arteria pedia redujo la presion arterial en el dedo grueso del pie hasta menos de 40 mm Hg, y no se intento la canulacion de la arteria. En 24 de los 30 pacientes con flujo arterial colateral adecuado, se introdujo percutaneamente una canula de Teflon (Venflon 1,20) en la arteria pedia. El tiempo medio de canulacion fue de 160 min. En seis pacientes (un 25%, con limites confiables del 95%, 10-47%) se registraron sefiales de trombosis de la arteria y en uno, fallo la canulacion, lo que caus6 trombosis al paciente. En dos pacientes, la recanalizacion de la arteria ocurrio entre el segundo y el octavo dia despues de la operation. En cuatro pacientes, el examen efectuado de 3 a 5 meses despues de la canulacion revelo una disminucion persistente de la funcion de la arteria pedia. Esto indica que normalmente no se debe escoger la arteria pedia para efectuar canulaciones.
